According to the different levels of economic development in China's provinces, this paper uses principal component analysis to establish a comprehensive index system for evaluating the level of economic development, and then uses cluster analysis to classify 31 provinces in China into economically developed regions, economically relatively developed regions, and economically underdeveloped regions. Next, based on the results of regional division, this paper uses the fixed panel data model to empirically analyze the impact of national and regional industrial upgrading on independent innovation capability, and the model is tested for robustness by systematic generalized moment estimation. The results show that: Industrial upgrading can effectively promote the improvement of national and regional independent innovation capabilities. On the whole, the industrial upgrading transferred to the tertiary industry can effectively promote the improvement of independent innovation capability; moreover, in both economically developed regions and economically underdeveloped regions, the process of industrial upgrading to the secondary and tertiary industries can effectively promote the improvement of regional independent innovation capabilities. Finally, according to the results of empirical analysis, the paper puts forward policy enlightenment of industrial upgrading and suggestions on improving independent innovation ability.
Introduction
With the deepening of economic globalization, affected by the global financial crisis and competition in the international market, countries around the world have been improving the international competitiveness of their industries through scientific and technological innovation and industrial restructuring. Following the development trend of the world, China has also started to implement the industrial upgrading strategy. With the continuous development of China's industrial upgrading process, the economic effect of industrial upgrading on independent innovation has gradually emerged, and the relationship between industrial upgrading and independent innovation has attracted more researchers' attention.
In order to realize the sustainable and healthy development of economy, and also to achieve the goal of optimizing the allocation of resources of the whole society, the implementation of industrial upgrading strategy is the only way out in front of our country. However, to implement the strategy of industrial upgrading, we must change the original economic development model, implement the strategy of innovation-driven development, abandon the traditional factor-driven development model, and enhance the competitiveness of China's industry in the world with scientific and technological innovation. The key to the strategic transformation of China's economic development is to improve the ability of independent innovation.
How to improve the ability of independent innovation in the process of industrial upgrading and realize the simultaneous development of industrial upgrading and independent innovation is an urgent theoretical and practical problem that needs to be studied. However, the existing literature focuses more on the promotion of independent innovation to industrial upgrading, and from the investment structure [1] , foreign investment [2] , industrial agglomeration [3] , financial development [4] , global value chain [5] , research on technological progress paths and technology choices [6] . Most recent studies have ignored the impact of industrial upgrading on independent innovation ability. Although some scholars have paid attention to this issue, for example, Fenghua Wu and Ruiming Liu [7] believe that industrial upgrading can drive independent innovation at the three levels of enterprises, regions and countries through micro-demand pull effect, medium-based regional synergy effect and macro-international trade effect. Weiqing Li, Xian-zhong Nie [8] conducted an empirical analysis of the impact of industrial upgrading on independent innovation capability, using the inter-provincial panel data from 1998 to 2012. The results show that industrial upgrading has a significant positive spillover effect on China's overall independent innovation, and the more obvious the spillover effect is, the stronger China's independent innovation capability is, while the independent innovation effect on the eastern, central and western regions is quite different. Haixia Wang and Xin Wang [9] explored the relationship between industrial upgrading, human capital and independent innovation based on China's provincial panel data To sum up, industrial upgrading mainly promotes independent innovation from micro, medium and macro mechanisms, and the impact of industrial upgrading on independent innovation ability varies greatly in different regions and economic development degrees. Therefore, in order to explore the impact of different regional industrial upgrading on the capacity of independent innovation, it is necessary to divide the region. However, in the current research, there are certain limitations in only dividing the area according to geographical location to analyze the impact of industrial upgrading in various regions on the ability of independent innovation. Therefore, the innovation of this paper lies in: according to the actual situation of the economic development of various provinces and cities in China, the principal component analysis method is used to establish the comprehensive evaluation index system of economic development, and then the cluster analysis method is used to classify the provinces and cities in China.
Based on this, this paper explores the influence mechanism and empirical effect of industrial upgrading on independent innovation in China and various regions.
Influence Mechanism of Industrial Upgrading on Independent Innovation Ability
Generally speaking, the mechanism of industrial upgrading to promote independent innovation can be divided into two steps: the first step is the optimization and upgrading of traditional industrial structure; the second step is to promote independent innovation in the process of industrial structure optimization and upgrading. First of all, industrial upgrading will inevitably lead to deepening the division of labor and specialization degree. Both domestic and foreign markets are continuously expanding under the promotion of deepening division of labor and increasing specialization, thus producing more new products in the secondary industry and new services in the tertiary industry. The emergence of new products further promotes the internal upgrading of the secondary industry; The emergence of new services has further promoted the internal upgrading of the tertiary industry. Secondly, in the process of continuous optimization and upgrading of industrial structure, industrial upgrading has a driving role in improving the ability of independent innovation. Its mechanism of action is roughly divided into three aspects: micro, meso and macro. The micro-effect is mainly reflected in demand. The meso-effect is mainly reflected in the geographical synergy, and the macroscopic role is mainly reflected in international trade.
Micro-Impact Mechanism of Industrial Upgrading on Independent Innovation Capability
First of all, the optimization and upgrading of the industrial structure will in-Open Journal of Business and Management evitably lead to the rationalization and high-level of the industrial structure, thus promoting the continuous expansion and segmentation of the domestic and foreign markets. The continuous expansion and subdivision of the domestic and international markets will certainly cause demand expansion. The expansion of demand has enabled more companies to see the market and business opportunities, thus attracting more companies to enter the market. More companies entering the market will inevitably lead to more intense market competition. The highly competitive market forces companies to continually innovate to increase their competitiveness, thereby attracting more consumers and occupying a larger market share. Second, the continuous expansion and segmentation of the market and the increase in demand will result in higher consumer demand for products and services. The expansion of demand leads to intensified labor mobility and stricter requirements for the quality of labor, which raises the level of human capital and provides essential talent resources for independent innovation and research and development. Therefore, from the perspective of the micro-impact mechanism, the demand pull effect can drive independent innovation ( Figure 1 ). 
Meso-Impact Mechanism of Industrial Upgrading on Independent Innovation Capability
In the process of optimizing and upgrading the industrial structure, due to the different development models between regions and the degree of government support, there are also differences in the industrial transformation and development of various regions. Under the encouragement of regional GDP targets, governments in various regions have continuously improved the independent innovation capabilities of various regions in the competition by introducing advanced technologies, learning scientific management models and developing strategic emerging industries. At the same time, in order to transform the traditional industries better in various regions and develop high-tech industries, regional governments will also carry out regional cooperation. By exerting the comparative advantages of each region, we will form a spatial agglomeration effect, break through the technical bottlenecks in the process of industrial upgrading, reduce the risk problems in the process of regional independent innovation, save the cost of scientific research in the region, and improve the return on capital Open Journal of Business and Management for scientific research and development. Therefore, from the perspective of the meso-impact mechanism of action, the optimization and upgrading of the industrial structure has led to the coexistence of cooperation and competition in various regions, thus forming a regional synergy effect, which in turn promotes independent innovation in various regions ( Figure 2 ). 
Macro-Impact Mechanism of Industrial Upgrading on Independent Innovation Capability
In the process of industrial structure optimization and transformation and upgrading in China, government departments will certainly formulate and implement some policies on industrial structure optimization, transformation and upgrading. Governments in various regions will vigorously support strategic emerging industries such as information technology and biotechnology, energy conservation, environmental protection, new energy and new materials and so on. Regional governments will formulate a series of policies to improve the policy system with industrial policy as the core, to encourage independent innovation to research and develop key technologies and core technologies in key fields, and actively create a policy environment for collaborative innovation to form a long-term mechanism for collaborative innovation. In fact, due to the different economic development conditions in different regions, the impact of industrial structure on independent innovation is quite different. In general, for regions with relatively slow economic development, the dominant industry in this region is generally the secondary industry, so the secondary industry enterprises are the main innovation industries. However, when the economy develops to a certain extent, the role of enterprise innovation in the secondary industry in the overall independent innovation will gradually weaken. Some of the more innovative industries in the tertiary industry, such as computer services and software, information transmission, scientific research, and technical services, play an increasingly important role in independent innovation, and their innovation efforts far exceed the secondary industry. Therefore, the path of industrial upgrading depends on the actual development of each region. This paper will carry out regional division according to the economic development level of various provinces in China to explore the impact of industrial upgrading in different regions on independent innovation capability.
The Division of Provinces and Regions Based on the Level of Economic Development
According to the concept of economic development, it includes not only economic growth, but also economic benefits, resources, people's lives and other aspects. Therefore, the establishment of the index system needs to consider all the factors that affect the economic development comprehensively.
Initial Establishment of the Indicator System
In order to comprehensively reflect the situation of China's economic development, and based on the scientific, representative and comprehensive principles of selected indicators, the initial indicator system selected in this paper is as follows (Table 1) . Table 1 . Initial indicator system for regional economic development.
Level indicators The secondary indicators Measurement methods
The level of regional economic development Per capita regional GDP Per capita fiscal revenue
Gross Regional Product/Population
Financial income/population Open Journal of Business and Management
Continued
Regional economic benefits Labor productivity Regional GDP/regional employees Fixed asset investment/regional population Financial expenditure/population of the region
Regional resource endowment status
Per capita water resources Total water resources/regional population
Regional openness
The total value of export commodities as a percentage of GDP The total value of export commodities as a percentage of GDP 
Establishment of Indicator System Based on Principal Component Analysis
In order to enhance the scientific and rationality of the indicator system, this 
1) Extraction of principal components
We use software to perform principal component analysis on the data, to calculate the variance contribution rate and the cumulative contribution rate. The results are as follows ( Table 2 ). According to the principal component analysis method, the components with eigenvalues greater than 1 are extracted. It can be seen from Table 2 shown in the following Table 3 . 
According to the above formula, the scores of the four principal components in each region from 2012 to 2016 are calculated as shown in Table 4 . 
Regional Division Based on Cluster Analysis
The initial index number and the possible correlation between indicators will influence the reliability of the clustering analysis results, therefore, this article first principal component analysis was carried out on the initial index. Then according to the results obtained by principal component analysis, Q-type clustering is performed for each province, city and autonomous region, and the distance between the class and the class is calculated by the method of squared deviation.
We can get the tree clustering diagram as follows:
According to the results of the above figure (Figure 4 ), there are large differences in the economic development of various regions in China. If 31 regions are divided into three categories according to the economic development of each region, the results are shown in Table 5 . 
Analysis of the Impact of Industrial Upgrading on Independent Innovation Capability

Indicator Selection and Model Establishment
1) Variable Determination and Measurement Methods
This paper mainly focuses on the impact of industrial upgrading on indepen-Open Journal of Business and Management dent innovation ability. However, since the independent innovation ability of each region is also affected by factors such as regional education level, regional openness, foreign investment level and R&D expenditure, this paper introduces these variables into the model as control variables. The specific variable indicators and measurement methods are as follows: a) Explained variable. This paper will select two variables to measure the independent innovation ability of each province in China. They are: the number of domestic patent applications accepted and the number of domestic patent applications authorized, both of which can measure the overall level of independent innovation in a region. In this paper, logarithmic processing is carried out for these two variables, that is, the number of domestic patent applications accepted is measured by lnpatent, and the number of domestic patent applications authorized is measured by lnpatentapply.
b) Explanatory variables. The most intuitive manifestation of industrial upgrading is the proportion of secondary and tertiary industries. Therefore, this paper selects the proportion of regional secondary gross domestic product and tertiary industrial gross domestic product in regional gross domestic product as explanatory variables. The proportion of the GDP of the secondary industry is expressed by ind, and the proportion of the GDP of the tertiary industry is expressed by ser. c) Control variables. In this paper, four variables are selected as control variables. They are: i) Higher education level. Higher education can provide a steady stream of innovative talents for the independent innovation of a region and reflect the basic ability of independent innovation of a region. Higher education level (edu) is usually measured by the number of students in higher education schools/regional total population. ii) The degree of regional openness. The degree of openness will affect a region's independent innovation ability through foreign technology spillover, foreign technology import and transfer. The influence of the degree of openness on the independent innovation ability of a region is relatively complex. The greater the degree of openness, the higher the competitive pressure of the domestic market will be. It is also possible to compete in the fierce competition to improve the survival and development competitiveness of enterprises through continuous independent innovation, to stand firm in the domestic and foreign markets, and then to drive the improvement of regional independent innovation ability. Typically, openness is measured by Regional import and export volume/regional GDP. iii) Foreign investment level. Foreign direct investment can bring advanced technology and management experience to the region, so as to improve the local independent innovation ability. Generally, foreign investment level (fdi) is measured by Regional foreign direct investment/regional GDP. iv) R&D spending. The investment of regional research and development funds provides impetus for the region's independent innovation, thus promoting the improvement of the region's independent innovation ability. Typically, R&D spending (rd) is measured by "Regional R&D expenditure/regional GDP" (Table 6 ). Open Journal of Business and Management Second industry GDP ratio (ind) Secondary industry GDP/regional GDP Tertiary industry GDP ratio (ser) Tertiary industry gross production value/regional GDP Higher education level (edu) Number of students in higher education schools/regional total population Openness (open) Regional import and export volume/regional GDP Foreign investment level (fdi) Regional foreign direct investment/regional GDP R&D spending (rd) Regional R&D expenditure/regional GDP 
2) Model Establishment
Based on the determination of relevant variables, this paper uses the panel data model to study the impact of industrial upgrading and related control variables on independent innovation capabilities. To further determine whether to select a fixed effect or a random effect panel data model, we have established the basic test model as follows: There is no such variable under random effect. μ is the residual item. The subscripts i and t respectively represent the i-th province and the t-th year. Table 7 . For the fixed-effect model, the coefficients of the proportion of secondary industry (ind) and the proportion of tertiary industry (ser) respectively are 3.554, 5.689 and 4.120, 6.181, which are all positive coefficients, and are significant when the significance level is 1%. For the random-effect model, the coefficients of the proportion of the secondary industry (ind) and the proportion of the tertiary industry (ser) are both positive, and significant at the significance level of 1%. It shows that the development of secondary and tertiary industries can effectively promote the increase of patent acceptance and authorization in China, and further shows that industrial upgrading can effectively promote the improvement of independent innovation ability. In order to more accurately and effectively analyze the impact of China's industrial upgrading on independent innovation and its driving effect, Hausman test is carried out on the fixed effect model and the random effect model, and the test results support the fixed effect model. According to the regression results of the fixed effect model of the above table, for the explanatory variables, the coefficients of the proportion of the secondary and tertiary industries are all positive, and both are significant at the level of significance of 1%. It shows that due to the three effects of demand pull effect, regional synergy effect and international trade effect, industrial upgrading can effectively promote the development of independent innovation. In addition, the Open Journal of Business and Management coefficient of the proportion of the tertiary industry is greater than the coefficient of the proportion of the second industry, indicating that in terms of the current development of China, the industrial upgrading transferred to the tertiary industry can more effectively promote the improvement of China's independent innovation capability. The possible reason is that some industries with higher levels of innovation such as computer services and software industry, information transmission, scientific research, and technical service industries in the tertiary industry play an increasingly important role in independent innovation, and their innovation efforts far exceed Second industry enterprises.
Empirical Analysis Based on Provincial Panel Data
For the control variables, a) the coefficient of higher education level is positive, and both are significant at the level of significance of 1%, indicating that the improvement of the higher education level can effectively promote the ability of independent innovation; b) the coefficient of openness is negative, Moreover, both of them are significant at the level of significance of 5%, indicating that with the deepening of reform and opening up, China's ability to cope with domestic and foreign market competition still needs to be improved. Therefore, to a certain extent, the degree of openness limits China's independent innovation; c) The coefficients of foreign investment are both negative, and are basically significant at the 10% significance level. The possible reasons are: on the one hand, although foreign investment can bring advanced technology and experience to China, due to the relatively weak independent absorption capacity of Chinese enterprises, advanced technology is still in the hands of foreign enterprises, which inhibits the improvement of independent innovation of Chinese enterprises. On the other hand, China no longer relies on the technology spillover brought by foreign direct investment to enhance the independent innovation ability of enterprises. d) The coefficients of R&D spending are all positive, and both of them are significant at the significance level of 1%, indicating that R&D spending has a positive spillover effect on the improvement of independent innovation and can effectively promote China's independent innovation.
2
) Regression Results and Analysis of Panel Data Models in Three Major Regions
According to the results of the regional division in Chapter 4, the fixed-effect model and the random-effect model regression are respectively used in the inter-provincial panel data of the three regions from 2007 to 2016, and the Hausman test is performed on the estimation results. The test results of the three regions all supported fixed effect. Regression results of fixed effects are shown in Table 8 . According to the regression results of the three regions in the above table, the coefficients of the proportion of the secondary industry (ind) and the proportion of the tertiary industry (ser) of the three regions are all positive, and are basically significant at the significance level of 1% and 5%. It shows that the industrial upgrading process of transferring to the secondary and tertiary industries can effectively promote the improvement of regional independent innovation ability in both developed and underdeveloped regions.
Further observation shows that among the regression results of the three regions, the coefficient of the proportion of the tertiary industry in economically developed regions is higher than that of the secondary industry, while the coefficient of the proportion of the tertiary industry in economically relatively developed regions and underdeveloped regions is lower than that of the secondary industry. It shows that in economically developed regions, the upgrading of the primary industry to the secondary industry has been completed, and the process of industrial upgrading has transitioned to the transition to the tertiary industry.
Therefore, the tertiary industry plays a strong role in stimulating regional independent innovation. However, in economically relatively developed and underdeveloped regions, industrial upgrading is still in the process of transferring to the secondary industry, and the transfer to the tertiary industry is slow. So the secondary industry plays a strong role in stimulating regional independent innovation, while the independent innovation of the tertiary industry is weaker.
The reason for the difference in the influence of industrial upgrading on in- 
3) Results and Analysis of System Generalized Moment Estimation Regression
In order to test the robustness of the panel data model regression results, we use the system generalized moment estimation (GMM) two-step method for estimation and sargan over-identification test for verification. The specific results are shown in Table 9 . sults are as follows: 1) Industrial upgrading can effectively promote the improvement of national and regional independent innovation capabilities, and the industrial upgrading to the tertiary industry for the whole country can more effectively promote the improvement of independent innovation capability; 2) Regardless of whether it is in economically developed regions or economically underdeveloped regions, the process of industrial upgrading to the secondary and tertiary industries can effectively promote the improvement of regional independent innovation capabilities. However, due to the differences in regional economic development levels, the impact of industrial upgrading on independent innovation capability also differs. In economically developed regions, the tertiary industry has a stronger pulling effect on regional independent innovation, while in economically relatively developed regions and economically underdeveloped regions, the secondary industry has a stronger role in promoting regional independent innovation. 3) Independent innovation has a strong sustainability, that is, the region with strong independent innovation in the previous period will continue to show its advantages in independent innovation in the next phase. Therefore, based on the results of empirical analysis, this paper puts forward the following suggestions on the path of industrial upgrading and the improvement of independent innovation ability in China and various regions: 1) Promote industrial upgrading with innovation, and then promote the ability of independent innovation. China should strengthen the implementation of the innovation-driven development strategy, implement the innovation-driven industry upgrading strategy, and commit to building an innovative country. Innovating to drive industrial upgrading means that innovation is born in industrial upgrading and economic development. Vigorously develop key technologies and core technologies with independent intellectual property rights, use core technologies to lead the development of modern emerging industries, lead the future development direction of the industry, and then promote the transformation and upgrading of traditional industries, and improve the independent innovation capability in the transformation and upgrading of traditional industries.
2) The local government should select a local industrial upgrading strategy based on the level of local economic development. The empirical analysis of this paper shows that the industrial upgrading process to the secondary and tertiary industries can effectively promote the improvement of regional independent innovation ability in both economically developed regions and economically underdeveloped regions. However, due to the differences in the level of economic development of various regions, the impact of industrial upgrading on independent innovation capacity is also different. In economically developed regions, the tertiary industry has a stronger pulling effect on regional independent innovation, while in economically relatively developed regions and economically underdeveloped regions, the secondary industry has a stronger role in promoting regional independent innovation. Therefore, in the process of implementing in-Open Journal of Business and Management dustrial upgrading, we should consider the regional economic development and choose an industrial upgrading path that is more conducive to enhancing local independent innovation capabilities. Specifically, economically developed regions should give priority to the development of tertiary industries and increase the proportion and quality of tertiary industries. The regions needs to focus on developing cutting-edge science and industries such as energy conservation, environmental protection, biomedicine and information technology, so as to better enhance its capacity for independent innovation.. Economically relatively developed regions and economically underdeveloped regions should steadily develop secondary industries, strengthen exchanges and cooperation with economically developed regions, and actively use scientific and technological means and advantageous resources in developed regions to transform traditional industries to better enhance independent innovation capabilities. . 
